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We describe a framework for a generalized nonlocal gravity theory inspired by Poincare´ gauge
theory. Our theory provides a unified description of previous nonlocal extensions of Einstein’s theory
of gravitation, in particular it allows for a clear geometrical foundation. Furthermore, it incorporates
recent simplifications for the ansatz of the nonlocality, which should allow for a systematic study of
the impact of nonlocal concepts on observations.
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I. INTRODUCTION
The study of nonlocal physical systems has a long and
interesting history, both in experimental and theoreti-
cal aspects. It is instructive to recall memory-dependent
phenomena (hysteresis and similar ones) in continuum
mechanics, and the fundamental nonlocality in the elec-
trodynamics of media. Moreover, the description of wave
phenomena and the measurability analysis of the electro-
magnetic field are both necessarily nonlocal. In relativ-
ity theory, which is based on the locality postulate, the
nonlocality issue arises naturally in the analysis of physi-
cal measurements made by actual observers, who operate
within reference systems which are accelerating or rotat-
ing. It is obvious that an inertial system is an idealized
construct, which can be realized only in a certain approx-
imation, when the typical time and length scales of the
physical process under consideration are much smaller
than the characteristic time and length scales set by
the acceleration and rotation of the observer’s reference
frame. The corresponding critical lengths ℓtr = c
2/a and
ℓrot = c/ω are determined by the magnitudes of acceler-
ation a and angular velocity ω of an observer, and the
locality assumption is justified for physical processes on
the scale L ≪ ℓtr and L ≪ ℓrot. Going beyond the lo-
cality assumption, one should take into account, in an
appropriate way, the average over a past world line of a
noninertial observer, which results in the construction of
nonlocal special relativity theory and nonlocal classical
electrodynamics [1–3].
An extension of nonlocal special relativity to include
gravitational phenomena is a highly nontrivial problem.
In a nonlocal gravity (NLcG) theory, originally proposed
by Mashhoon [4], gravity is assumed to be history de-
pendent, i.e. the gravitational interaction has an addi-
tional feature of nonlocality in the sense of an influence
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(“memory”) from the past that endures. NLcG exhibits
some very promising properties – for example providing a
possible solution of the dark matter problem [5–9]. The
theory is built upon an ansatz for the so-called nonlo-
cality tensor, leading to a set of integro-differential field
equations.
Based on our recent re-analysis [10] of NLcG the-
ory, we here suggest a nonlocal generalization inspired
by the structure of Poincare´ gauge gravity (PGT). The
main motivation is as follows. From the field-theoretic
point of view, NLcG is constructed as a gauge theory for
the spacetime translation group T4, where in the frame-
work of the teleparallelism approach the gravitational
field potential is identified with the coframe (tetrad) field
ϑα = ei
αdxi. The nonlocal extension is then essentially
patterned after the theory of electromagnetism by re-
placing the Abelian gauge group U(1) with T4, and the
potential A = Aidx
i with ϑα. However, translational
gauge gravity represents a degenerate case of the gauge
gravity theory based on the Poincare´ group, and it is thus
natural to look for the construction of the corresponding
nonlocal extension of PGT.
Our new framework theory, termed nonlocal Poincare´
gauge gravity (NLcPGT), draws from its conceptually
clear underpinning in the form of PGT, which has been
well established in a gauge gravity context over the last
decades. In particular, the new framework allows for a
unified description of the already known nonlocal gravity
extensions in the literature. The present work can be seen
as the refinement and generalization of the suggestion
made in the appendix of [6].
The structure of the paper is as follows: In section II
we give a condensed account of the basic structures in
Poincare´ gauge theory. This is followed by our sugges-
tion for the nonlocal generalization of PGT in III. In IV
we discuss some special limiting cases of the theory, in
particular a nonlocal version of Einstein-Cartan theory.
We conclude our paper in section V with a discussion
and outlook. An overview of our notation can be found
in table I in appendix A.
2II. POINCARE´ GAUGE THEORY
The gauge approach in field theory has a long history
and detailed reviews of the development of the field can
be found in [11–17]. The basic idea of a gauge theory
of gravity based on the Poincare´ symmetry group G =
T4⋊SO(1, 3) may be sketched as follows: The invariance
of the action under an N -parameter group of field trans-
formations yields, via the Noether theorem, N conserved
currents. When the parameters are allowed to be func-
tions of spacetime coordinates, one needs to introduce N
gauge fields, which are coupled to the Noether currents,
to preserve the invariance under the local (gauge) symme-
try. In accordance with the general Yang-Mills-Utiyama-
Kibble scheme, the 10-parameter Poincare´ group gives
rise to the 10-plet of the gauge potentials which are iden-
tified with the coframe ϑα = ei
αdxi (4 one-form poten-
tials corresponding to the translation subgroup T4) and
the local connection Γαβ = −Γβα = Γiαβdxi (6 one-form
potentials for the Lorentz subgroup SO(1, 3)).
Compared to general relativity (GR), in which the
gravitational field equations are second-order local par-
tial differential equations (PDEs), in the gauge approach
to gravity the gravitational field equations take the form
of first-order local PDEs [18–22]. One can then extend
the first-order local field equations to nonlocal ones via
the introduction of a “constitutive” kernel as in the phe-
nomenological electrodynamics of media [23]. The cor-
responding nonlocal generalization of Einstein’s theory
of gravitation based on the teleparallel equivalent of GR
was recently developed in [5, 24, 25]. The gauge theory of
spacetime translations represents a degenerate subcase of
the gauge theory of the Poincare´ group. Here we propose
a consistent generalization of the nonlocal translational
gauge theory to the PGT.
The gravitational gauge field Lagrangian density
Lgrav = Lgrav(eiα, Tijα, Rijαβ) of the underlying
Riemann-Cartan spacetime is a function of the coframe
ei
α, the torsion
Tij
α := ∂iej
α − ∂jeiα + Γiβαejβ − Γjβαeiβ, (1)
and the curvature
Rij
αβ := ∂iΓj
αβ − ∂jΓiαβ + ΓiγβΓjαγ − ΓjγβΓiαγ . (2)
The matter Lagrangian Lmat depends on the matter
field(s) Ψ which are minimally coupled to gravity. Then
the total Lagrangian density reads
Ltot = Lgrav(eiα, Tijα, Rijαβ) + Lmat(eiα,Ψ, DiΨ) . (3)
Defining the two gravitational field excitations
Hijα := −2∂Lgrav
∂Tijα
, (4)
Hijαβ := −2 ∂Lgrav
∂Rijαβ
, (5)
we derive the two field equations from the variation of
Ltot with respect to eiα and Γiαβ
DjHijα − Eαi = Tαi , (6)
DjHijαβ − ej [αHi|j|β] = Sαβi , (7)
where Tα
i := δLmat/δeiα denotes the canonical energy-
momentum tensor density of the matter field and
Sαβ
i := δLmat/δΓiαβ = −Sβαi denotes the correspond-
ing canonical spin (angular momentum) tensor density
(note that these definitions differ slightly from the ones
in [26]).
The energy-momentum tensor of the gravitational
gauge fields can be expressed as
Eαi = eiαLgrav −HjkαTjki −HjkαβRjkiβ . (8)
Equations (3)-(8) represent the general framework for
PGT, and particular gravitational models are specified
by the explicit form of the gauge Lagrangian. In accor-
dance with the general scheme of a Yang-Mills theory, we
assume that the Lagrangian is local and quadratic in the
Poincare´ gauge field strengths – torsion and curvature.
The torsion tensor can be decomposed into the three ir-
reducible pieces which we denote by (I)Tij
α, I = 1, 2, 3,
whereas the curvature tensor’s six irreducible pieces are
denoted by (K)Rij
αβ , K = 1, 2, ..., 6 (for more details see
[21, 26]). Then the quadratic PG Lagrangian reads [17]
loc
Lgrav =
√−g
2κc
[ (
a0e
i
αe
j
β − a0ηijαβ/2
)
Rij
αβ − 2λ0
− 1
2
T ijα
3∑
I=1
(
aI
(I)Tij
α − aI (I)
∗
T ij
α
) ]
−
√−g
4ρ
Rijαβ
6∑
K=1
(
bK
(K)Rij
αβ − bK (K)
∗
Rij
αβ
)
,
(9)
where κ = 8πG/c4 is Einstein’s gravitational constant,
λ0 is the cosmological constant, and ρ is the coupling
constant of “strong gravity” with dimension [1/ρ] = [~],
which is mediated via the propagating Lorentz connec-
tion. The constants aI , aI and bK , bK are dimensionless
and should be of order unity. Note that we put a2 = a3,
b2 = b4 and b3 = b6 because some of the quadratic
contractions are the same. This most general quadratic
Poincare´ gravity model encompasses both the parity even
and parity odd terms. The corresponding parity odd
coupling constants are denoted by the overbars, whereas
the dualization of the tensors is denoted by a star:
(I)
∗
T ij
α = 12ηijkl
(I)T klα and (K)
∗
Rij
αβ = 12ηijkl
(K)Rklαβ .
We compute the excitations from the gravitational field
Lagrangian (9) by partial differentiation according to the
3definitions (4) and (5):
Hijα =
√−g
κc
3∑
I=1
(
aI
(I)T ijα − aI (I)
∗
T
ij
α
)
, (10)
Hijαβ = −
√−g
κc
(
a0e
i
[αe
j
β] − a0ηijαβ/2
)
+
√−g
ρ
6∑
K=1
(
bK
(K)Rijαβ − bK (K)
∗
R
ij
αβ
)
=
lin
H ijαβ +
qu
H ijαβ . (11)
This is the quadratic local Poincare´ gauge theory.
III. NONLOCAL POINCARE´ GAUGE THEORY
In the nonlocal formulation of PGT we will make use
of the bitensor formalism [27–29], in particular we adhere
to the conventions of [10]. It is worthwhile to mention
that we will use a condensed notation (common to the
theory of bitensors) in which the point to which the index
of a bitensor belongs can be directly read from the index
itself; e.g., yn denotes indices at the spacetime point y.
Moreover, in order to distinguish the local frame indices,
we use ξ1, ξ2, . . . and υ1, υ2, . . . to designate objects with
frame indices at the point x or y, in complete analogy to
the labels x1, x2, . . . and y1, y2, . . . used in the holonomic
case.
We now generalize the local “constitutive relations”
(10) and (11) to nonlocal ones by using an unknown
scalar kernel K(x, y) and the parallel propagator gxy for
transporting tensors from point x to y:
Hy1y2υ3 =
1
κc
3∑
I=1
∫
d4x
√
−g(x) gy1x1gy2x2gυ3ξ3
×K(x, y)
(
aI
(I)Tx1x2
ξ3 − aI (I)
∗
T x1x2
ξ3
)
, (12)
lin
H y1y2υ3υ4 = −
1
κc
∫
d4x
√
−g(x) gy1x1gy2x2gυ3ξ3gυ4ξ4
×K(x, y) (a0ex1 [ξ3ex2ξ4] − a0ηx1x2ξ3ξ4/2) , (13)
qu
H y1y2υ3υ4 =
1
ρ
6∑
K=1
∫
d4x
√
−g(x) gy1x1gy2x2gυ3ξ3gυ4ξ4
×K(x, y)
(
bK
(K)Rx1x2
ξ3ξ4 − bK (K)
∗
Rx1x2
ξ3ξ4
)
, (14)
Hy1y2υ3υ4 =
lin
H y1y1υ3υ4+
qu
H y1y2υ3υ4 . (15)
This nonlocal ansatz (12)–(15) should be used in (8) and
in the field equations (6) and (7). In this way, we have
a set of 16 + 24 integro-differential equations in terms of
the variables ei
α,Γi
αβ and Ψ.
IV. SPECIAL CASES
A. Nonlocal Einstein-Cartan theory
The torsion and the curvature square terms are absent
when the coupling constants aI = 0, bK = 0, aI = 0, and
bK = 0 vanish; in this case one recovers the Einstein-
Cartan-(Holst) model which is characterized by the par-
ity even a0 and parity odd a0 coupling constants. Con-
ventionally, one puts a0 = 1 and a0 = 1/ξ, where ξ is
called a Barbero-Immirzzi parameter [30, 31].
In the absence of matter sources with spin, the result-
ing nonlocal Einstein-Cartan-(Holst) theory is described
by the constitutive relation (13) and (15). It represents
a version of Hehl-Mashhoon nonlocal gravity theory with
similar physical properties.
B. Nonlocal teleparallel theory
We can recover the original nonlocal teleparallel grav-
ity theory NLcG [4] when the distant parallelism condi-
tion Rij
αβ = 0 is assumed. Then only the second line
in the gravitational Lagrangian (9) is nontrivial, and we
arrive at a generalized nonlocal teleparallel gravity with
an account of parity odd terms.
Strictly speaking, the corresponding nonlocal consti-
tutive law (12) implements the improvements from [10],
i.e. it avoids the unjustified complexity of the original
ansatz for the nonlocality in [4], and at the same time it
maintains full compatibility at the lowest orders. In par-
ticular, our choice of the nonlocality is much more natu-
ral from the viewpoint of relativistic multipolar schemes
[32, 33], since it avoids the emergence of derivatives of the
world function as in [24], which do not have a straight-
forward interpretation. Furthermore, by making use of
the parallel propagator in the new ansatz (12), one can
expect that our new constitutive law would eventually
lead to the possibility of deriving exact solutions in the
framework of NLcG.
V. DISCUSSION AND CONCLUSIONS
We presented a new nonlocal version of Poincare´ gauge
theory. The theory can be thought of as the general-
ization of the recently simplified version of NLcG dis-
cussed in [10]. In this theory, we replace the space-
time translation gauge group T4 with the Poincare´ group
G= T4⋊SO(1, 3) and the nonlocal extension of PGT is
then constructed by specifying the appropriate constitu-
tive relation for the corresponding Poincare´ gauge field
strengths and the gravitational excitations.
The resulting model incorporates all previously known
versions of Mashhoon’s original theory from [4], and can
be viewed as a unified, and at the same time simplified
version of the original theory (in the sense how the non-
locality is implemented within the theory). In particular,
4it specializes to the nonlocal version of subclasses of PGT
like, for example, Einstein-Cartan theory.
Concerning the physical applications of the new theory,
it is worthwhile to notice that at present nonlocal gravity
is still at an early stage of development, and much needs
to be done in order to establish its correspondence with
experiment. Recalling the success of NLcG in giving a
qualitatively and quantitatively satisfactory demonstra-
tion that the dark matter problem can be effectively ad-
dressed by a nonlocality that mimics the dark matter, we
can expect a possible further elaboration of this achieve-
ment, taking into account that PGT naturally deals with
the more complicated matter with microstructure [32].
It should be noticed that so far no exact solutions of
NLcPGT or NLcG are known except for the Minkowski
spacetime background. However, the new simplified non-
local ansatz for the constitutive tensor proposed here
avoids the formidable technical issues of NLcG, and
thereby may pave the way towards the construction of
exact solutions in the full nonlinear regime of the theory.
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Appendix A: Notations and conventions
Table I contains a brief overview over the symbols used
throughout the work.
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